The brown seaweed Sargassum sp. is well known as a source of fucoidan. Brown seaweeds found in Indonesia seas are dominated by Sargassum sp. The objectives of this research was to purify and characterize fucoidan from S. binderi Sonder. The fresh raw material was defatted by macerated in methanol:chloroform:water (4:2:1), filtered, rinsed with acetone and then air-dried in room temperature. The defatted dried seaweed was extracted with 0.01M HCl pH 4 at room temperature. Purification has been conducted using anion exchanger. The quality of fucoidan sample was determined for total sugar, functional group using FTIR, monomer content, total ash, and total sulfate in the ester form. The result shows that pure fucoidan contains fucose as the primary sugar component, and other minor sugars (galactose, glucose, mannose and xylose). Chemical composition of crude fucoidan consisted of 74.25% fucose; 0.28% uronate acid; 10.29% sulfate and 5.5% protein. Purification using DEAE Sephadex A-25 gave 4 fraction pools yielding total sugar (%) of F1 (17.59); F2 (18.92); F3 (13.72); F4 (49.76), respectively. The components that build the fucoidan of S. binderi Sonder were estimated derived to be from fucoidan oligomers including (1,4)-L-FucS-Gal and D-(1,4)-Gal-GalS.
Indonesian seas are rich sources of a wide variety of brown seaweeds. Widely known brown seaweeds include the genera Sargassum sp., Turbinaria sp., Padina sp. The genus Sargassum sp. particulary consists of hundreds of species and is dominated by Sargassum sp in I ndonesia, i.e Sargassum duplicatum, Sargassum crassifolium, Sargassum binderi Sonder (Yunizal., 2006) . Brown seaweeds contain a large amount of biologically active polysaccharides, mainly alginate, laminaran and fucoidan which account to 40 to 80% of dry defatted seaweed biomass. It was previously shown that the content and structures of water-soluble polysaccharides from different sources depend on the habitat and season of harvesting. Fucoidans isolated from brown algae have been extensively studied because of their diverse biological activities such as anticoagulant, antitumor, immunostimulant for fish, anti-virus and anti-inflammatory activities (Li et al., 2008; Isnansetyo et al., 2015; Sinurat et al., 2011) . Owing those properties, fucoidans have been investigated in the recent years, as potential candidate drugs and functional foods (Seung-Hong et al., 2012) . Fucoidan is a sulfated polysaccharide that is only found in brown seaweed and sea cucumbers (Li et al., 2008; Svetlana et al., 2011) . Fucoidan is naturally found in two sulfated forms (homo and heterogeneous polysaccharides, in which both are different in sugar composition. The first form is commonly found in sea cucumber, while the latter is found in brown seaweed (Skriptsova et al., 2009) . Sugar composition varies among species of brown seaweeds, which usually consists of (1,3)-linked and (1,4) linked L-fucose sulphate as major constituents along with small amounts of uronic acid and other sugars such as galactose, mannose, xylose and glucose (Bilan et al., 2002) . The structural characteristics of fucoidan are likely to be dependent on the extraction technique (Ponce et al., 2003; Bilan et al., 2010) , seaweed species, harv esting season (Honya., 1999), geographic location (Rioux et al., 2007) , and algal maturity (Zvyagintseva et al., 1999) . Depolymerizing fucoidan into such oligosaccharides has been achieved by chemical treatment using acid (Harvey, 2011) . For enzymatic depolimerazation of fucoidans so far there is no effective enzyme reported (Kusaykin et al., 2008) . The sulfated oligosaccharides suitable for mass-spectral investigations were reported for native fucoidan, either by mild acid hydrolysis (Shevchenko et al., 2007) or under solvolytic desulfation conditions (Stanislav et al., 2009 ).
The content of fucoidan in brown seaweed is influenced by several factors, such as extraction method, growth, season, and species. Those factors affect characteristics and bioactivity of fucoidan (Stanislav et al., 2012) . Fucoidan has been recorded from various species and structures. Some notable examples are those from A. nodosum that is mainly composed of fucose units by (1,3) and (1,4) bonds (Jung et al., 2010) ; from Fucus evanescens consist of mainly (1-3)-linked 2-O-sulfonated fucose residues; from Costaria costata from Rusia collected at different life-stages, built up with fucose, mannose and glucuronic acid (Stanislav et al., 2012) , and from Sargassum polycystum from Vietnam contains a backbone built up mainly of 3-linked a-L-fucopyranose 4-sulfate residues (Bilan et al., 2013) . Additional good example is fucoidan from Undaria pinnatifida from mussel farms at the Marlborough Sounds, New Zealand contained fucose as the primary sugar component followed by galactose, with xylose, glucose and mannose as minor constituents (Mak et al., 2013) . This research focused on investigating the characteristics of compounds in the species Sargassum binderi Sonder obtained from Binuangeun (Banten), Indonesia which has not been reported so far.
Material and Methods

Material
The raw material used in this work was obtained from a brown seaweed Sargassum binderi Sonder collected from Binuangeun. Chemical reagents used include CaCl and then centrifuged at a speed of 15344 g for 15 minutes. All polysaccharides were dialyzed (cut off 10.000Da) during 48 h (24 hours using 0.5 M NaCl followed by deionized water for another 24 hours). The sample was precipitated by addition of ethanol (1:2) then left overnight. The f ucoidan was analyzed f or monosaccharide composition, i.e sulfate, protein and uronic acid. The yield was calculated from the weights of crude fucoidan divided by defatted algal dry weight. The extraction was run in triplicate, and the extraction yield was expressed as mean ± standard deviation (SD). Each extract was combined and then analyzed.
Determination of chemical composition of crude fucoidan
Total sugar content of fucoidan was determined according to Dubois methods using phenol-H , 1962) . Uronic acid and protein content of fucoidan were determined using the carbazole-sulphuric acid borate reaction using Dglucuronic acid (Sigma) as standard (Bitter & Muir, 1962) , respectively. All yields were calculated from the dried weight of fucoidan and converted into a percentage. Absorbance measurements were recorded in triplicate using an Ultrospec 2100 UV/ visible spectrophotometer (Thermo Scientific).
Purification
Purification of fucoidan was conducted using DEAE Sephadex A-25 and eluted by gradient NaCl step wise elution (Duarte et al., 2001) . Bri ef ly, crude polysaccharides dissolved in 0.1 M buffer Tris-Cl pH 7.0 were loaded to a column of DEAE Sephadex A-25 (Sigma Aldrich) fast flow (4 cm × 25 cm), followed by step-wise elution using 50 ml of sodium chloride solutions (0.5-2.5 M ) at the flow rate of 1 ml/min. Eluents (5 mL/tube) were separately collected and ethanol (HPLC grade) was added with ratio 1:2. All fractions were filtered, freeze-dried and stored at 4 °C until used. The carbohydrate content in each eluent was determined using a phenol-sulfuric acid method (Dubois et al., 1956 ) using fucose (Sigma Aldrich) as the standard. Finally, all the fractions containing polysaccharides were dialyzed with deionized water and lyophilized for further study.
Sugar composition and methylation analyses of polysaccharides
Polysaccharides were hydrolyzed with 2 M trifluoroacetic acid (TFA) at 120 o C for 1 h. After removal of TFA under N 2 gas, the hydrolyzates were converted to trimethyl silyl (TMS) using N-Methyl-N(trimethylsilyl) trifluoroacetamide), which were subsequently analyzed by GC using a column HP 5 MS length (m) 30 x 0,25 (mm) I.D x 0,25 µm film thickness. Methylation of polysaccharides was performed according to the Ciucanu's method (Thevis, 2010) . Identification of partially methylated TMS was carried out using Agilent 5975C Series GC/MSD on the basis of relative retention time of the standard 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl TMS and the mass fragmentation patterns with several monosaccharides (rhamnose, mannose, fucose, galactose, xylose, and glucose) as the standards.
Spectroscopic analyses
IR spectra of polysaccharides sulfates were recorded with Perkin-Elmer 577 (KBr pellet) and Specord M-80.
Mass spectrometric analysis. Hydrolysis of fucoidan (10 mg) was carried out by mild acid hydrolysis with trifluoroacetic acid (4 N; 60 min; 121 o C, 5 mg/ml) in autoclave. The mixtures were neutralized with 5% NH 4 OH solution and lyophilized. The hydrolytic products were identified by mass spectrometric analysis using LC-QTOF-MS/MS. Spectra were acquired in negative-ion modes with precalibration using a standard "HP-mix". Capillary voltage was set to 4000 V, and the drying gas temperature was 325 o C. Fragmentor voltage was set up to 160 V. The isolation window for MS/MS experiments was set up to 1.3 mass units for singly charged ions and 4 mass units for multiply charged ions. Collision energy was optimized between 10 and 45 V to reach maximum intensity of fragments. Dried sample was dissolved in distilled water at the final concentration of approx. 0.01 mg/ml, and introduced into the LC-QTOF-MS/MS at flow rate of 2 µl/min in mobile phase (1:1 acetonitrilewater) using a syringe pump (KD Scientific, USA).
Results and Discussion
The yield of fucoidan crude extracts obtained from Sargassum binderi Sonder was 4.02 ±0.27%. Based on the chemical analyses of crude fucoidan, the crude extract contained 74.25% fucose; 0.28% uronate acid; 10.29% sulfate and 5.5% protein. Chromatographic separation of the crude fucoidan using DEAE Sephadex A-25 resin resulted in 4 fractions as shown in Figure 2 . The fractions were individually freeze-dried, yielding of polysaccharides 17.59 % (FP1), 18.9% (FP2), 13.72 (FP3); 49.76% (FP4), respectively. FP4 looked more brown physically, indicating that the content of fucoidan in the form of polymer was more dominant (Vishchuk et al., 2011) . presence of sulfuric fucose TMS was estimated to elute at 5.823 minutes.
GC-MS analyses
As shown in Figures 3 and 4 , there was significant in the fucose TMS spectrum between the crude and the purif ied f ucoidan samples obtained from Sargassum binderi Sonder. The presence of an additional peak (Rt 5.773 minutes) was identified as fucose TMS, which is located next to the fucose sulfate TMS peak (Rt 5.697 minutes). However after purification, such additional peak (fucose TMS) disappeared, leaving only fucose sulfate TMS peak. In addition, detection of high amount of uronic acid in the crude fucoidan was indicated by the high correlation area (19.103). After purification, the correlation area decreased significantly (9.045), suggesting the decreased amount of uronic acid during purification.
GC-MS analyses of the crude fucoidan from Sargassum binderi Sonder indicated the presence of the following monomers: fucose, galactose, glucose, mannose, xylose, and glucuronic acid (abundance ratio of 1:2:7:1:1:4). After purification, the abundance ratio among such monomers became 1:2:4:1:1:2, indicating the decrease of the contaminant glucuronic acid. This result was supported by the decreased correlation area of glucuronic acid as mentioned above, meanwhile GC-MS analyses of commercial fucoidan E. Sinurat, R. Peranginangin, E.Saepudin /Squalen Bull. of Mar. & Fish. Postharvest & Biotech. 10 (2) Based on the FT-IR spectra of the fucoidan ( Figure  6 ), we found absorption at wavenumber of 1259 cm -1 that corresponds to S = O bonds, similar to these in commercial fucoidan (Fucus vesiculosus). It was supported by the appearance of a peak at 823 cm -1 that corresponds to sulfate at equatorial position, assuming that sulfate group binds to the C-2 of fucose to form sulfate fucose, while a commercial fucoidan at 843 cm -1 (Zvyagintseva, et al., 1999; Usov & Bilan., 2009) . In this work, the negative ion form of sulfated oligosaccharide had been elucidated using LC-QTOF-MS/MS. Based on Domon & Costello (1988), ion [mNa] ¬ which m represents changed oligosaccharide was described as the extension of glycosidic cleavage by means of nomenclature. The fragment ions that contain a non-reducing terminus are labeled with uppercase letters A, B, C and the ions that contain the reducing end of the oligosaccharide are labeled with letters X, Y, Z. The subscripts indicate the sugar E. Sinurat, R. Peranginangin, E.Saepudin /Squalen Bull. of Mar. & Fish. Postharvest & Biotech. 10 (2) 2015, 79- residue numbered from the nonreducing end. B ions are oxonium ions, Y ions are protonated species that include a H-transfer. C as protonated molecular ions and Z ions result from cleavage of glycosidic (Domon & Costello, 1988; Stanislav et al., 2012; Shevchenko et al., 2015) . ¬ sulfated fucose -sulfated digalactose.
E. Sinurat, R. Peranginangin, E.Saepudin /Squalen Bull. of Mar. & Fish. Postharvest & Biotech. 10 (2) The cleav age of glycosidic bond in the oligosaccharide chain resulted in dehydrated galactose-containing residues (Y1) marked with m/z 175 ( Figure 7A ) in high intensity. Similar result was also reported for fucoidan from Hizikia fusiforme by Peipei, et al. (2012) . The other ion fragment was the sulfated fucose monomer marked at m/z of 242.9 ( Figure 7B ) in medium intensity. Fragment ion forms of fucoidan were observed at m/z 434.9 in high intensity, which might indicates (1,4) [GalS GlcA] ¬ in Figure 7C . 
Conclusion
The yield of crude fucoidan extracted from brown seaweed species Sargassum binderi Sonder was 4.02%.The total fucose and sulfate contents were 74.25% and 10.90%, respectively. The constituent monomers of crude fucoidan are fucose, galactose, glucose, mannose, xylose, glucuronic acid with a ratio (1: 2: 7: 1: 1: 4) and after purification, the abundance ratio among such monomers became 1:2:4:1:1:2, indicating the decrease of the contaminant glucuronic acid amount. The estimation building blocks of the fucoidan purified structure include (1,4)-L-FucS-Gal and D-(1,4)-Gal-GalS.
